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First Year Report: Washington State University

CHyMERA

Compact Hyperspectral Mapper for Environmental Remote Sensing

Applications

George H Mount

Laboratory for Atmospheric Research

Dept. of Civil and Environmental Engineering

Washington State University

Pullman, WA 99164-2910

23 December 1999

I. Work Accomplished to Date

Funding from the CHyMERA project paid for 6 weeks of PI salary and travel.

a) participated in the detailed definition, on-going development, and optical design of the

CHyMERA project and instrument

- attended two meetings at Goddard Space Flight Center (February, May)

- prepared several reports (below)

b) performed calculations for determination of NO 2 sensitivity levels given instrument

performance parameters

- NO 2 pair evaluation

- null pair evaluation

- wavelength shift problems
- filter calculations

- atmospheric temperature vs cross section effects

c) reports prepared for the CHyMERA group (appended to this document):

1. 23 Feb 1999 - NO 2 calculations for temperature dependence of cross sections; comparison of

1 and 2 nm spectral resolution and effect on wavelength pairs

2. 25 Feb 1999 - specification of central NO2filter wavelengths and errors

3. 12 March 1999 - NO 2central wavelength pairs (preliminary)

4. 24 March 1999 - NO 2central wavelength pairs
5. 26 March 1999 - Effect of shifts in filter bandpass on derived NO 2

6. 30 March 1999 - Null pair specification

7. 7 April 1999 - NO 2 central wavelength pair calculations

8. 30 May 1999 - NO 2 atmospheric temperature dependence problems

II. Hans for Second Year

Funding from the CHyMERA project will pay for 6 weeks of PI salary and travel.

a) continue NO 2 sensitivity calculations as required

b) participate in calibration and validation of the CHyMERA instrument

- participate in meetings and laboratory work at GSFC

- bring the WSU ground based NO 2 instrument up to speed for comparison with the CHyMERA

instrument at WSU. This instrument has many years of operation providing excellent ground

based NO2 abundances.



- the instrumenthasnot beenrun for over two years,soacompletecheckoutwill be
required

- relocationof the instrumentfrom thelaboratoryto observingareawill berequired
- setup laboratoryspacefor theCHyMERA team
- bepreparedto reducethedatafrom theWSU instrument
- comparethereducedWSU instrumentdatawith thatfrom CHyMERA
- bepreparedto hostthe CHyMERA team



CHyMERA NO 2 Calculations
G. H. Mount

23 February 1999

Response to some of the action items from the 11-12 February meeting:

Note: all wavelengths in this report are air wavelengths.

1. Temperature Dependence of Cross Sections, and data reduction problems

The NO 2 cross sections are temperature dependent. Figure 1 below shows reduction of

the ratio of zenith sky data taken at 90 ° and 83 ° solar zenith angle (real data) at about 0.6 nm

resolution using room temperature NO 2 cross sections. Since the NO 2 layer is at about 27 krn

altitude in the stratosphere (temperature 230 - 240°K), use of room temperature cross sections is

inappropriate (but commonly used by many groups). It produces a systematic residual in the

least squares fitted spectrum that shows clear spectral structures, all caused by removal of a

wider than physically correct NO 2 cross section from the narrower stratospheric NO 2 lines.

Virtually all of the structure shown here is real, not noise, and can be easily deduced from the
warm/cold cross section data.

0.02

1(90 °) II 0(83 °)
0.01

-0.01

-0.02

405 410 415 420 425 430

wavelength (nm)



Figure 1. The reduced ratio of a 90 ° and 83 ° zenith sky measurement made at Fritz Peak

Observatory with the NOAA NDSC instrument (now at WSU). The structure is caused by
removal of a room temperature NO, cross section from cold stratospheric NO 2data.

Figure 2 shows high resolution temperature dependence at stratospheric temperature - room
temperature to 240°K, the value that we are choosing for the CHyMERA data analysis. The

warmer lines are wider and show shallower peaks and valleys. This is high resolution and the
differences are clear and large. At lower resolution the effect will be reduced.

7
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, 5
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X4

0

U) 3
X

P = 5 Torr
T = 240°K
T=291

446.205 446.210 446.215 446.220 446.225 446.230 446.235

wavelength (air nm)

Figure 2. The temperature dependent structure of NO 2 at 240 and 291°K at high spectral
resolution (from Harder,Brault, Johnston and Mount, 1997)

Figure 3 shows the data from Figure 2 smeared to 1 nm spectral resolution and ratioed. The

differences are not trivial and will vary with the actual atmospheric temperature relative to
whatever temperature is chosen for the data reduction, which means that the CHyMERA data

analysis is going to have a problem with temperature dependent NO 2 structure from the cold
stratosphere to the Warmer troposphere, all of which is in the same column of NO r The

stratospheric layer at 27 km needs to be reduced at lower temperature than the warmer
temperature data more characteristic of the planetary boundary layer and/or lower troposphere.

The problem will come from crossing spatially from one region characterized by some mixture
of strat/trop temperature structure to a different spatial region with a different structure which
will modulate the ratio of the wavelength pair. An average tropospheric temperature will be

below room temperature, but getting a good number that will be some average of the data is



going to be difficult. Attempts have been made to use the different structure to work on both

regions simultaneously, but there is usually not enough information in the data to do this very

successfully. A good fit is always obtained because there are too many degrees of freedom in the

algorithm. We need to carefully consider the effects of temperature dependence in reducing the

data. It will be doubly difficult with only wavelength pairs and the lack of substantial spectral

information. The linear filter may solve some of the problems since it carries a lot of

information. The 5-10% change over the 55°C shown here is extreme, but much larger than the

small changes we are searching for (tenths of percent).

1.06
I I I

Ratio of +20"C to -35"C NO2 cross sections at 1 nm spectral resolution
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Figure 3. Ratio of +20 to -35°C NO 2 cross sections at 1 nm spectral resolution. This is perhaps a

little extreme at 55°K temperature difference, but very instructive nonetheless.

We need to assess the effect of NO 2 temperature on data reduction for the wavelength pairs we

choose. +20°C to -35°C is too big a temperature range, but with may not be too far off for actual

ground level NO 2 in urban areas to real stratospheric temperature. For background troposphere,

we would probably use a smaller number. Eric and I are using 240°K right now as an average

tropospheric value - that is probably too low.



2. Compare 1 nm and 2 nm resolutions to see how much is lost by going to the 2 nm linear

variable filter from I nm filters using wavelength pairs.

Figures 4 - 7 show NO 2 cross sections at 238°K as measured at 0.003 nm resolution with a

wavelength scale accuracy of about 1 part in 107. These measurements were taken by Harder,

Brault, Johnston and Mount (J. Geophys. Res., 1997, 102, 3861, 1997) on the FTS at Kitt Peak

National Observatory. The cross sections have an absolute accuracy of 4%. Figure 1 shows the

entire measured spectrum.

10 rl _ _ _9 1
1 l 1 I NO 2(x10 " ) /

8 _- / [iJ [ / | t l temperature = 238"K -_

]6 "

0
350 400 450 500 550

wavelength (nm)

Figure 4. NO 2 cross sections as measured by Harder, Brault, Johnston and Mount (JGR, 1997).

Resolution is 0.003 nm, air wavelength scale accurate to < 1 part in 107.

/ / [ NO 2 (x 10 "19° )
_ 8 _ k _ [ temperature:238K

: .
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Figure 5. Main spectral region of interest.
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._ _1_, NO 2(x10 "190)
l_l_lli / temperature = 238 K

res: 0,003 nm
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Figure 6. High resolution spectrum near the pair 439/442, a standard pair for NO 2 measurement,

showing the spectral structure.

8.5

8.0

o 7.5

7.0
O
Z

6.5

I I I NO 2(x_0 -1.) I

- /_ temperature = 238"K

- I I I I I "

438.96 438.98 439.00 439.02 439.04
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Figure 7. The spectral region right at the 439 nm peak showing the spectral structure as well as

the sampling interval for the data used in this analysis (the data is oversampled). Note the

virtually nonexistent noise on this data.

The NO 2 cross sections were smeared with 1 nm and 2 nm FWHM Gaussians. Figure 8 shows

this for the region of interest, 400 -500 nm. Figure 9 shows the spectrum smeared to 1 nm in the

region of the 439/442 wavelength pair.
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Figure 8. High'resolution NO_ cross sections and 1 nm Gaussian smeared NO_ cross section.
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Figure 9. 1 nm NO2 cross section at the 439/442 nm pair showing the low resolution structure.
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Figure 10. Low resolution Gaussian smeared spectra at 1 nm and 2 nm resolution, 400 -500 nm.
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Figure 11. Ratio of I and 2 nm Gaussian smeared cross sections.

So just looking at the cross section ratios, it appears that the loss of NO 2 abundance recovery will

be about 20% going from 1 nm to 2 nm spectral resolution, a fairly small number. If we choose

spectral pairs not near the larger peaks in this ratio, the loss may be somewhat smaller. When we

redo the analysis with actual sky data instead of just the cross sections, I would expect that the 2

nm smearing will make the Fraunhoffer and Ring spectra smoother and thus, the reduction will

be a bit more robust. But there is no getting around the differential cross section differences.

Thus, the loss with the 2 nm filter will be small, on the order of 20% of the derived NO 2

sensitivity relative to the 1 nm data. This small loss at 2 nm makes the filter even more valuable.

We should definitely implement it.



Conclusions:

(1) Clearly whatever temperature we choose, we cannot properly reduce the full column since

the stratosphere is always cold and the troposphere always not nearly so cold. Using two

temperatures for two layers probably gives too much leeway to the reduction algorithm so the

solution is not unique. The percent differences between +20°C and -35°C are large at +5%

between peaks and adjacent valleys. We need to think hard about how this is going to affect the

filter pair measurements as we scan over regions of varying vertical temperature structure.

(2) The linear filter is a must. The 2nm resolution is only about a 20% loss relative to lnm.

Action items:

(1) Don should give us the length of the filter in the dispersion direction so we can calculate the

filter spectral sampling
(2) Don should give us a take on nonlinearity of the filter dispersion with wavelength (i.e. is it

linear or nonlinear; if nonlinear, is it nonlinear in a predictable way, or does it just wander

around due to impurities and imperecfions in the filter glass)

(3) How are we going to measure dispersion linearity and constancy of the filter bandwidth? [

solar spectrum from scattered light ]

(4) We need to discuss and assess the effects of temperature dependent cross sections on the

tropospheric analysis as the spatial vertical temperature structure changes - this could be a big
effect.

(5) Does the satellite velocity screw up the wavelength pairs due to Doppler shift?





CHyMERA Filter Calculations
G.H. Mount

25 February 1999

Response to action items from the 11-12 February meeting:

3. Specification of central wavelength error for the filters.

Specification of the central wavelength error of the filters is very important. Barr will not

succeed in centering them exactly, so we will need to give them a specification. As a first order

cut at answering this question, I did some simple experiments with Gaussian shaped filters and

came up with the following graph.

The simple method used was to generate a Gaussian of FWHM 1.00 nm and then to shift

it by various amounts and see what the ratio of the properly centered filter to the shifted filter

was at the specified central wavelength. Although this first cut does not use the actual reflected

solar spectrum, Ring effect, and all, and it assumes the NO_ cross section (convolved) lines are

about 1 nm FWHM and Gaussian shaped (very good approximation), I don't think the result will

be much different. In order to properly apply the real solar spectrum, Ring, etc., we would need

to know which pairs we are going to use as the exact amount of inaccuracy will depend on an

actual retrieval. For example, if the NO 2 line is in on a solar line wing, it may respond

differently than if it is in a valley. Solar line widths are narrow (80 mA or so), so no matter

where the NO 2 lines are located, things are not easy. And we don't know the filter wavelengths

at this time anyway. So this simple analysis will give us a quick look at required accuracies.

Note that the graph below is for a single wavelength, not a pair. Remember that the filters in the

wavelength pair could shift in opposite directions, and the ratio curve is nonlinear.

1.6

1.2

I I I I ._

ratio of the shifted line to the unshifted line _ -.1
F

1.0
0.0 0.1 0.2 0.3 0.4 0.5

wavelength shift in filter central wavelength (nm)

Since we will know what the central wavelength of each filter is after they are manufactured, the

ratio does not give an error in derived NO 2. Rather it tells us how much differential cross section

(sensitivity) will be lost if the filter is made at the edge of the specified wavelength interval. For

example, if we take a 20% loss of sensitivity as the maximum amount we can have, then about



0.13nmis anacceptableshift in asingle filter. A specificationof_+0.1nmwouldgive a
sensitivity lossof about 12%. Thecurverisessteeplyasyou moveoff thecenterwavelength,so
atenthnm seemsaboutright to me.

Action Item:

Don, can Barr do _+0.1 nm?



CHyMERA NO 2 Pair Calculations
G.H. Mount

12 March 1999

Very Preliminary (to be redone)

I have begun looking at the wavelength pair problem and wanted to send out a quick look data

set. To begin, I just started with the sets that Eric found:

Group 4:426.6 [426.48]

Group 6:431.1 [430.98]

Group 10:432.6 [432.48]

431.1 [430.981

432.6 [432.481

438.0 [438.88]

438.0 [437.88]

438.0 [437.88]

439.4 [439.28]

439.4 [439.28]

439.4 [439.28]

450.0 [449.87]

with [ ] giving air wavelengths from Scott. However, these wavelengths were derived from

approximate wavelengths Eric used from GOME (Eric's had only one figure after the decimal

and Scott converted from those). I have taken the Harder, Brault, Johnston and Mount NO_ data

set which has a wavelength accuracy better than 1 part in 10 _, and derived the exact wavelengths

(in air) for Eric's wavelengths. Thus, the final filter list, assuming we use groups 4, 6, and 10, is:

426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air].

Figure i below shows the peaks and valleys in Eric's groups 4, 6, and 10.

6.5 --

4.5 --

I

I

I No= (x 10 -ts )

4.0 _ I temperature = 238°K

3.5 L

425 430 435 440

air wavelength (nm)

I' I

1 nrn resolution

I

445 450

Figure 1. NO_ cross section at 1 nm resolution in air with groups 4, 6, and 10 marked.

455



Instead of using GOME data, I decided to try a different tack using Fritz Peak zenith sky data to

check the quality of fit with these 6 wavelengths. So the data I used were taken with our double

3/8 m diode array spectrograph which can measure easily to 0.02% absorption levels (see Figure

1 in my report of 23 February). I reduced the zenith sky data for a day in 1995 (4 April) using

the complete nonlinear least squares algorithm that we developed at NOAA as well as a constant

fit, slope fit, Ring spectrum fit, ozone fit, and polarization fit - basically everything except water

and NO,. It has been used for some years and works very well. This produced NO 2 slant column
abundance against solar zenith angle (time). Integration times were a few minutes for each data

point. I then took the following pair ratios to derive independent NO 2 slant abundances at several

solar zenith angles using data from which everything had been removed except NO_.
449.90/439.32

439.32/437.72

439.32/432.53

432.53/430.97

430.97/437.72

430.97/439.32

430.97/426.32

426.32/439.32

This left sky data with a very obvious NO 2 spectrum in it to work from, and from which Ring

and other things had been removed..These ratios produced the NO 2 slant columns shown in the

following two figures as symbols, each one corresponding to a different pair ratio. The solid line

is the data reduced using the full spectrum with the nonlinear least squares. From this analysis, it

is clear that the best pairs are:

439.32/437.72

439.32/432.53

The other ones do not fit well, in particular the 430.97/426.32, 430.97/437.72, and 432.53/430.97

pairs.

These results are somewhat discouraging, and I plan to redo the analysis and see what I

get. I would think that the pairs should work equally well on zenith sky data as GOME data, but

perhaps some one can think of a reason why it would mess up (remember that the Ring spectrum

was taken into account). The errors are quite large in some cases.

Let me know what you think.
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CHyMERA NO 2 Pair Calculations
G.H. Mount

24 March 1999

I have begun looking at the wavelength pair problem. To begin, I just started with the
sets that Eric found:

Group 4:426.6 [426.48]

Group 6:431.1 [430.98]

Group 10:432.6 [432.48]

431.1 [430.98] _

432.6 [432.48]

438.0 [438.88]

438.0 [437.88]

438.0 [437.88]

439.4 [439.28]

439.4 [439,28]

439.4 [439.28]

450.0 [449.87]

with [ ] giving air wavelengths from Scott. These wavelengths were derived from the

approximate wavelengths Eric used from GOME (Eric's had only one figure after the decimal

and Scott converted from those). I have taken the Harder, Brault, Johnston and Mount NO_ data

set which has a wavelength accuracy better than 1 part in 107, and derived the exact wavelengths

(in air) for Eric's wavelengths. Thus, the final filter list, assuming we use groups 4, 6, and 10, is:

426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air].

Figure i below shows the peaks and valleys in spectral region 425 - 455 nm.
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Figure 1. NO 2 cross section at 1 nm resolution in air 425 - 455 nm.



Insteadof usingGOME data,I decidedto try a differenttackusingFritz Peakzenithsky
datato checkthe quality of fit with all the reasonablewavelengthpairs in this spectralregion.
The dataI usedweretakenwith our double3/8 m diodearrayspectrographwhich canmeasure
easily to 0.02% absorptionlevels (seeFigure 1 in my report of 23 February). I reducedthe
zenith sky data for a day (with air pollution - so the column abundance against time was not

smooth) in 1995 (4 April) using the complete nonlinear least squares algorithm that we

developed at NOAA with a constant fit, slope fit, Ring spectrum fit, ozone fit, and polarization

fit - basically everything except water and NO_. It has been used for some years and works very

well. This produced NO 2 slant column abundance against solar zenith angle (time). Integration
times were a few minutes for each data point.

I then took Eric's wavelength pairs to derive independent NO_ slant abundances at several

solar zenith angles using data from which everything had been removed except NO 2. This left

sky data with a very obvious NO 2 spectrum in it to work from, and from which Ring and other

things had been removed. These ratios produced the NO_ slant columns (symbols) shown in the

following figure, each one corresponding to a different pair ratio. The solid line is the data

reduced using the full spectrum with the nonlinear least squares, and which should be very

accurate. The data from Eric's pairs is not very consistent. The best pairs appear to be numbers

2 and 3. I used a day with air pollution on purpose, so the curve would not be smooth, but would

have jumps in it from dirty air containing NO_ drifting over the instrument field of view. I

thought this would provide a more stringent test. The next figure shows the ratio of the pair-

derived NO_ to the least squares-derived NO 2 plotted against the least squares derived NO2, once
again for Eric's wavelengths. This graph vividly illustrates the quality of the fit. Marked on the

graph are the 1.00 perfect fit and the _+10% and +20% lines for reference. The errors increase

with decreasing derived NO 2 column abundance as expected. Only ratio number 2 stays within

_+10% over the range of measurements. I reduced pairs down to 4x10 _4cm _ inorder to see how

good the retrieval would be at these low numbers. It will give us a good idea of how we will do
at low abundances.
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column is not smooth due to air pollution (purposely chosen).
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The next thing I did was to take all the reasonable wavelength pairs (did not use up to up
or down to down pairs, only up to down) and redo the analysis. This produced the data shown in
the next figure.
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Figure 4. Forty three pairs (including Eric's) used from spectral range 425 - 455 nm as shown in

Figure 1. Ratio of pair-derived NO_ column to least squares-derived NO_ column plotted against
solar zenith angle.

There is a lot of variation about the perfect fit (1.00) with peak to peak variation as high as a
factor of 5 high and over a factor of 20 low. This is not surprising since no selection factors



were applied to the data.
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I reducedthedatadownto 4x101'to showhow goodtheaccuracyis at theselow columnvalues.
Someof thepairsarestill goodhere.Thenext figureshowsselectedwavelengthpairswherethe
selectionhasbeenchosento be in the+10% band about a perfect fit down to 5x10 is.
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Figure 6. Same data, but selected to fit into the +10% band about a perfect fit above 5x10 '5.



Therearestill largeouflyers below 5x10". The next graph shows the same data, but with pairs
selected to fit within +10% down to 3x10 '5.
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This final graphshowsthatthe best fits areobtainedwith oneof Eric's pairs,but the othergood
pairsaredifferent,andoneis quite surprising(19)giventhewavelengthseparationandtheusual
problemswith understandingslopesandthingsbetweenseparatedlines.

Looking at this data, it is quite perturbing. I haveignoredwater,and Eric hasworked
with water. But I find the mostof the pairssuggestedby hisanalysisdo not work well. On the
bright side, it is amazingthat pairs 2 and 25 fit within +10% all the way to less than lxl0"

column; very encouraging for the pair idea. It is also interesting, as Eric found, that the usual

wavelength pair used by people doing pair work, 439.32/441.88, does not work at all well in

either this analysis or Eric's. The next figure shows this plot individually. The fit is not good.
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Figure 8. The fit for a wavelength pair often selected as best for pair analysis. Shown is the

1.00 perfect fit; +10% and + 20%. The fit is terrible.

I need to repeat this analysis on another data set, and I need to spend some time thinking

about all this. We need to better understand why Eric's wavelength pairs do not fit as well as I

would have thought given the thoroughness of his analysis. Perhaps Eric could give his analysis

of the pairs shown in Figure 7. And we need to choose a good null pair, one that goes through

the analysis that Eric has performed on the NO 2 pairs, so we make an intelligent choice. I will

procede to analyse another data set tosee if these numbers hold up. I will also begin a shifting of

wavelength centers for the pairs and do an error analysis.

Scott - when do you need a final set of filter wavelengths?? Thoughts from you all??????





CHyMERA NO_Pair Calculations
Effect of Shifts in Filter BandpassonDerivedNO:

G.H. Mount
26March 1999

Figure 1 below shows the peaks and valleys in spectral region 425 - 455 nm. These are

the pairs that I have concentrated on studying.
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Figure 1. NO 2 cross section at 1 nm resolution in air 425 - 455 nm.

I used Fritz Peak zenith sky data to check the quality of fit with all the reasonable wavelength

pairs in this spectral region. The data I used were taken with our double 3/8 m diode array

spectrograph which can measure easily to 0.02% absorption levels (see Figure 1 in my report of

23 February). I reduced the zenith sky data for a day (with air pollution - so the column

abundance against time was not smooth) in 1995 (4 April) using the complete nonlinear least

squares algorithm that we developed at NOAA with a constant fit, slope fit, Ring spectrum fit,

ozone fit, and polarization fit - basically everything except water and NO_. It has been used for

some years and works very well. This produced NO 2 slant column abundance against solar

zenith angle (time). Integration times were a few minutes for each data point.

I then took Eric's wavelength pairs to derive independent NO i slant abundances at several

solar zenith angles using data from which everything had been removed except NO_. This left

sky data with a very obvious NO_ spectrum in it to work from for each solar zenith angle, and

from which Ring and other things had been removed. These ratios produced the NO 2 slant



columns(symbols) shown in the following figure, each one correspondingto a different pair
ratio. The solid line is thedatareducedusingthefull spectrumwith thenonlinearleastsquares,
and which shouldbe very accurate. You have alreadyseenthis figure. I useda day with air
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Figure 2. Slant column NO_ derived from the least squares analysis (solid line) and from Eric's

wavelength pairs (symbols) as a function of solar zenith angle (time) for 4 April 1995 at Fritz

Peak Observatory, Colorado. Observations are of the zenith sky. Ring and all effects except

NO 2 and water have been taken into account in the data used to compute the pair ratios and

deduce NO 2. The numbers to the right of the pairs are the array numbers in my program. Slant

column is not smooth due to air pollution (purposely chosen).



would havejumps in it from dirty air ContainingNO2drifting over theinstrumentfield of view. I
thought this would providea more stringenttest. The next figure showsthe ratio of the pair-
derivedNO2to theleastsquares-derivedNO2plottedagainstthe leastsquares-derivedNO2,once
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Figure 3. Ratio of pair-derived NO 2 to least squares-derived NO 2 plotted against least squares-

derived NO 2 for Eric's wavelength pairs. Marked are the 1.00 perfect fit, and +10% and +20%
lines.



Figure 4 showsthesamedata,but with shifts randomlyselectedfor _+0.1nm in the filter
centralwavelength.
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Figure 4. Eric's wavelengths with shifts +0.1 nm.

The errors are larger, as expected, but the fits are not very good to start out with, so the next

figures show the effect on the best wavelength pairs in the spectral region 425 - 455 nm for fits
within +10% above 5x 10 '5cm 2.



Figure 5 shows the pair-derived NO 2 ratioed to the least squares-derived NO 2 plotted
against the least squares-derived NO 2column and sorted for i0% agreement for columns greater
than 5x10 '5cm 2.
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Figure 5. Pair-derived NO 2 ratioed to the least squares-derived NO 2 plotted against the least
squares-derived NO 2column and sorted for 10% agreement for columns greater than 5x10 t5cm 2.
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The following graphs show the effect of an error range _+0.1 and 0.2 nm shifts in the centers of

the filter pairs chosen in Figure 5.
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C
E

i

O

¢N

O
Z

,-I

,,90

2

8

7

i I

O

[]

' '_' I

• A

• •

A

• • •

[] •

• I
V

[]
[]

dn

[]

I u o i i i i i • • i i

Pairs within +1- 10% to 5e15

© 448.071426.32 = 19

[] 446.621444.85 = 20

• 444.851441.88 = 25

• 444.851426.32 = 29

,/k 435.141429.57 = 38

V 439.32/432.53 = 3

• 439.321437.72 = 2

+1- 0.1 nm range shifts

0 0 o 0 A
0 A

[]

[] [] [] [] I_I

0

9. • n n n n | .... n _ _ _ t t I I [ I I I I I _ n n I

4 5s 2 3 4 ss 2 3 4 ss

10 is 10 is 10

Least Squares NO 2 column

Figure 7. Same as Figure 5, but shifts 0.1 nm.

17

The next figures show the results for the best pairs, as identified in the report of 3.24.99.
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Figure 8. The best fitted pairs over the range of NO_ column (report 3.24.99) with no shift.
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Figure 9. Same as Figure 8, but shifted +/-0.1 nm.

These results show that generally the results stay within the 10% error bars and, with one

exception, within 20% of recovered NO 2 when shifted by the error we were planning on giving to

Barr (__+0.1nm), and all as Eric has shown in the past.

Thus, it seems we have made a good choice of error for the filter centers at _+0.1 nm..





CHyMERA NO 2 Null Pair Calculations
G.H. Mount

30 March 1999

Figure 1 below shows the NO 2 cross section peaks and valleys in spectral region 425 - 455 nm.
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Figure 1. NO 2 cross section at 1 nm resolution in air 425 - 455 nm.

I have begun looking at wavelength pairs for a null NO 2 determination (one where the

cross sections at two wavelengths are equal) in order to provide an estimate of noise, etc. since a

null pair should return no derived NO 2 signal. This will be essential to proving the error budget

out, and demonstrating that we don't see it when we should not. Obviously, there are nearly an

infinite number of pairs that can be used just based on cross section equality. Therefore, I have

concentrated on pairs where equal cross section to a peak or valley wavelength can be obtained

at another wavelength; and for some pairs (on the red side of Figure 1) just taken points half way

up/down the spectral features that correspond for sev&al lines. The initial results for a large

number of null pairs is shown in Figure 2. Plotted is the difference in normalized residual ratio

against solar zenith angle. The NO 2 cross section does not come into play here since the

difference between the wavelength pairs is zero. The numbers vary about _+0.6%, a quite large
number.
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Figure 2. Plotted is the difference in normalized residual ratio against solar zenith angle for a

number of null wavelength pairs. The NO 2 cross section does not come into play here since the

difference between the wavelength pairs is zero.

Sorting for the best null pairs, Figure 3 below is produced. Here the scale is _+0.1%. The best

null pair is the one numbered r15. It is within about 0.02% of zero for all solar zenith angles.

The wavelengths of this null pair are approximately 426.32 and 429.57 nm. One of these

wavelengths is on both Eric's and George's recommended wavelength list (426.32 nm).
HoZwever, the cross section at 426.32 nm is 4.66 x 10.'9 cm 2 and the cross section at the other

feature is 4.67 x 10 "19. Thus, technically we cannot choose the pair as 426.32/429.57 since the

cross section difference is not zero and there is no way to get the second feature to 4.66 - it just

does not dip that low. The wavelengths corresponding to 4.66 x 10 .'9 at the 426.32 dip are



426.22 and 426.41nm, or about +0.1nm from the center of the spectral feature. Since this is

within the tolerance for Barr Associates, it seems that use of the 426.32 nm wavelength filter as

one part of the NO 2 null pair will work just fine.
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Figure 3. The best null pairs chosen from Figure 2. The best pair is the [426.41,426.22] /

429.57 nm pair, r15.

Thus, the recommended filter wavelengths for the null pair are: 426.32 and 429.57 nm. This

conveniently adds another cross section valley to the list, although the quality of NO 2 pair

retrieval using 429.57 nm according to both George and Eric, is poor.

Eric - do you have some thoughts on null pairs????
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Figure 3. Same as in the 24 March report for 4 April and Eric's pairs.

The coding for the colors and symbols is the same in the three figures with the actual wavelength
code in Figure 3. The interesting thing is that ratios which fit best in the 4 April data (ratios 2
and 3) are still the best fits, but in the winter data the fits between 1 x 10 '5 and 6 x 10t5are quite

poor (for all the Eric pairs). I do not understand this. I continued repeating the analysis of 24

March with 43 pairs of wavelengths including Eric's.
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Figure 4. The same 43 pairs of wavelengths selected for the 4 April analysis (Fig 5, 24 March

report)

There is a wide range of returned NO_ columns from the various pairs, just as there was before.

Figure 5 shows the same data, but with most of the outlyers removed, but pairs 2 and 3 left in

since these overlap Eric's wavelengths and they both fit within +10% to 5 x 1015 in the 4 April

data set [note I screwed up the Color and symbols here ' they are not the same as above]. Both of

these pairs fit poorly now. The best fit pairs are now: 17, 9, 19, and 30 which use wavelengths

426.32, 439.22, 441.88, 446.62, 448.07, and 449.90. Of these three are on Eric's original list,

and four are on the best wavelength pair list from the 24 March analysis.
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CHyMERA NO 2 Pair Calculations
G.H. Mount

7 April 1999

I have taken another set of Fritz Peak data, and repeated my analysis reported on 24

March. This time I chose a day in winter with small values of slant column NO 2 and a long slow

move through twilight figuring that might give us a better handle on what is happening at low

values so we could see what the noise might be better. The date chosen was 15 January 1995

(the date for the 24 March report was 4 April, which was chosen as as polluted day to see if the

pairs repeated the jumps in column) which was a clean, clear day with a very smooth zenith

angle dependence. I started with Eric's wavelength pairs. Remember that his air wavelengths
are: 426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air]. The wavelengths that fit best

from the FPO data that overlapped Eric's were 426.32, 437.72, 439.32.

The data was reduced in the same manner as for the 24 March report. Figure 1 below shows the

zenith angle dependence of the pair-derived NO 2 as well as the least squares NO 2 fit to the entire

spectrum. Codes are the same as in the March report, and are shown here in Figure 3.
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Figure 1. Zenith angle dependence of the 15 January data for Eric's wavelengths.

Figure 2 below shows the same 15 January data plotted against least squares abundances derived

from the entire spectrum for Eric's wavelength list. Figure 3 shows the data for 4 April directly

out of the 24 March report.
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I cannot say that I understand why things are so different in the 15 January data set. It is a real

data set taken at a different time of the year, so certainly changes are expected. But the lack of

any good fit in the high x 10 '5 abundances is quite perturbing. The fits where expected to be

good (above 1 x 10 '6) vary about 10%, a surprisingly large number. The fits in this region for the

4 April data set were also high like this (- 10%). Why it is not symmetric, I do not know.

I plan to do some more analysis and try to see how much this all varies. I think that with 4 of

Eric's 6 wavelengths confirmed, that the list is likely okay. The problem I see is "why it does not

fit better to the least squares data". The 4 April data set fit pretty well across the full range of

NO 2 slant column.

CHyMERA



NO2 Temperature Dependence Problems

30 May 1999
G H Mount

In our meeting earlier this week, we discussed the potential effects of NO_ cross section

temperature dependence on retrievals and whether or not there is any way that we can minimize

the effect through a judicious choice of wavelengths. As the temperature is lowered, the NO 2

spectrum narrows and the peaks separate more from the valleys, all as expected. Thus, the

observed satellite column observations of the stratosphere (cold) and tropospheric boundary

layer (warm) are always a mixture of the different temperature regimes which require different

cross section blends for proper analysis. There is not enough information in a column to

uniquely choose a blend, so usually a single temperature is chosen. Figure 1 shows our final

selection of NO_ wavelengths for CHyMERA at 1 nm resolution and 238°K, a temperature

characteristic of the stratosopheric NO_ layer at about 27 km.
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Figure 1. NO 2 wavelengths selected for CHyMERA at lnm resolution. Null pair is 426.3,429.6

rim.

Figure 2 shows the NO_ cross sections at238°K and 293°K. The warmer cross section has a

smaller peak to peak Variation, as expected.
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Figure 2. NO 2 cross sections at 238°K and 293°K at 1 nm spectral resolution

Figure 3 shows the final wavelength selection for NO 2 and the associated cross sections
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Figure 3. Cross sections chosen for CHyMERA.

Figure 4 shows all the possible pair ratios at the two temperatures, even ones we would not

consider using, plotted against a "pair index number" which is listed in probably unreadable form
on the graph. Here is a readable form with the cross section differences [x 10 "19] shown so the

useful pairs can be identified



0 413.42/416.17 1.99
1 413.42/426.32 2.35
2 413.42/429.57 2.40
3 413.42/430.96 1.12
4 413.42/432.54 2.31
5 413.42/435.15 0.46

6 413.42t437.73 2.89
7 413.42/439.32 0.61
8 416.17/426.32 0.36
9 416.17/429.57 0.41

10 416.17/430.96 0.87
11 416.171432.54 0.33
12 416.17/435.15 1.53
13 416.17/437.73 0.90
14 416.171439.32 1.38

15 426.32/429.57---nui1 0.04
16 426.32/430.96 1.22
17 426.32/432.54 0.04
18 426.32/435.15 1.89
19 426.32/437.73 0.54

20 426.32/439.32 1.74
21 429.57/430.96 1.27
22 429.57/432.54 0.08
23 429.57/435.15 1.94
24 429.57/437.73 0.49
25 429.57/439.32 1.79

26 430.96/432.54 1.19
27 430.96/435.15 0.68
28 430.96/437.73 1.76
29 430.96/439.32 0.51
30 432.54/435.15 1.86
31 432.54/437.73 0.57

32 432.54/439.32 1.70
33 435.15/437.73 2.43
34 435.15/439.32 0.16
35 437.73/439.32 2.28

The most useful pairs are the ones not near 1.00, except for the selected null pair, which is index

number 15. As expected, the null pair index 17 has an equally small cross section difference, but

an even small temperature dependence. Thus, we have two null pairs which could work equally

well, aithoughpm'r 15 Worked better in the real analysis. In any case, Figure 5 shows--tfie_nal

result, which is the ratio of the pair ratios at the two temperatures. Thus, Figure 5 indicates_ the

change in cross section ratio between the two temperatures. This figure shows that index 17-may

be somewhat better as a null pair than the originally selected index 15.
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This final graph shows the temperature sensitivity of the various pairs. In all cases, the

maximum change in using an incorrect temperature for the reduction is about +5%. This is

certainlly an acceptable error.

In conclusion, there appears to be no significant reason to select wavelength pairs based on
temperature.
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CHyMERA Filter Strips: 16 Filters with dimensions 33 mm X 134 mm
2 Edge filters with dimensions 33 mm X 5.34 mm

Overall Dimensions: 33 mm X 33 mm X 6.2 mm thick All Wavelengths in air
Filter Glass1 Glass2 Glass3 Thickness FI#310.7

I................. i............. ,-,_,, , oc,uff uur,,I (mm)thickness (mm) , ........... _-......................I 1.1 j - 4 : 1.1 6.2
312 - ................ , ..... .,. ott UBK7

1.1 l .................. , .......................
4 6.2_ 1.1

313.1 ._S_chott.UBK7._..... Scho_ UG11 _" Scho_-UBK7
1.1 I _,".......... T ......... 1:1......... 6.2 4.63

317.4 Schott UBK7 i Schott UG11 j .q,.,h,-,_HmV':,
..... ........l.----k__.. . ...... ------.. vvl IVLL VI,,JI%/

I .... --------'6-- ....................

322.2 1.1 _ 4 z 1.1 6.2 4.63
_S_c.h.£__.UBK7,' Scho_UG11 _ Scho_UBK7

......r...........z..........t ......... .........
329.2 Schott UBK7 i 'Schott H,',,, ; ... • ..... 6.2 4.63

....................... u_i I , _crloE( UI_K/
1.1 r .................. ,'I".....................

4 1 1.1 6.2 4.63
339.9 .Scho.tt.UB .KT_[ Schott UGll .L Schott UBK7

1.1 -'; ....................... , .....................4, ; 1.1 6.2 4.63
387.9 Schott BG3 LPhila O_tics BGG28 Schott B270 "

....... -_........ !........ -_-_-................................1.5 6.2 4.63
393.3 _.Scho.tt.BG3__,,'Phila O_tics BGG28,,' Schott B270

2 .... "2.'7 ......... I ......... _'_" ........ 6.2 4.63

413.4 SChltt.6.B270 , Phila Optics BGG22i Schott B270........ . ..... ... .... .... .... . .... . .... ... _ .............. . ......

3 1.6 6.2 4.63
416.2 Schott B270 iPhila O.p_tics BGG22 Schott B270

....... ........ ............. . ....... . ....... . ....... ....._....

1.6 l 3 , 1.6 6.2 4.63
426.3 Schott B270 Phila Optics BGG22 Schott B270

.......... "'''" ...... "" ........... "''''''m--'" .............. "''

1.6 3 i.6 6.2 4.63
429.6 Schott B270 l Phila Ontics mP-P-'_'_: _,-h,,_+=,_'_^

------ I.. I,.#_..a.,,,.,,]f_L,. I l,.,r_.,! I_JLL [.J..................... _'-'---- 4.. _,, 11,,I
I "''' ...........................

1.6 I 3 1.6 6.2 4.63
431 Schott B270 Phila Optics BGG22 Schott B270

............... ._ • ..... . .............. . .........................

1.6 3 I 1.6 6.2 4.63
432.5 Schott B270 Phila ODtics BGG22i ._,-h,_+_-)'zn

................. t"........ " .............. .,......,_...v.,.,..,_,,. ,-,-._v
1.6 : 3 ' ...........1.6 6.2 4.63

435.1 _Scho_.B.2.70....P_hiLa..O2tic.s..B.G...G2_- ..... .S_cho_.B279.....
1.6 l 3 l 1.6 6.2 4.63

437.7 Schott B270 i Phila O_tics BGG221 Schott B270
=''" ........... --I- ..... . ...... . .... ......_. .... "''''------------_

1.6 3 _ 1.6 6.2 4.63
439.3 Schott B270 Phila O2tics BGG22 Schott B270

1.6 ; 3 1.6 6.2 4.63
Refractive Index of £11asses

!UG11 (wavelength -nm), 280.3
1.6

UBK7 296.7
1.5538

B._.G3 302.1
1.55

BGG28 and BGG22 435.83
1.572
546

1.5251

365
1.57

312.6
1.54852
435.8

587.6
1.55

334.1 365
1.54266 1.53622
587.6 1014

1.52 1.51 1.5
483.13 546.07

B270 1.566 1.562
588

1.523

4.63

4.63



CHyMERA Detector Location and Depth Measurements:
1/10/2000 (V. Bly and S. Janz)

A travelling microscope with a precision (xyz)-translation station in Code 553 was used to measure the

flatness of the detector, depth, and centeredness with respect to the dectector housing. All measurements
are +/- 0.005 ram.

Depth: The surface of the detector was measured with respect to the detector housing on the flat portion of

the housing rim near the o-ring gro_ove.

Top: na

Left: 5.400 mm
Right: 5.458 mm
Bottom: 5.408 mm .

I bottom ]

Detector Flatness:

Right (pump-out port) [

Left to right: 0.010 mm
Top to bottom: 0.014 mm

Centeredness: This was measured from the detector substrate edge to the inside wall of the o-ring groove.

Left: 46.070 mm
Right: 46.421 mm
Top: 46.416 mm
Bottom: 45.916 mm



CHYMERA Filter Measurements 12/29/99 V.T. Bly Code 553 GSFC

Silver Bar

shades of blue

shades of blue

Purple Bar

VARIATION IN HEIGHT (THICKNESS):

Silver Bar:
1

2
3

4

5
6

7

8

9

I0

II

12
13

14

15

16

Purple Bar:
Purple Bar:

If. side

-0.00215

-0.00195
-O.00085

-0.00070

+0.00035
+0.00055

+0.00055

+0.00055
+0.00155

+0.00155

+0.00145

+0.00140

+0 00145

+0 00195
+0 00205

+0 00240

+0 00260

+0 00020

+0.00370

if side

rt. side
+0.00000

-0.00010

+0.00105
+0.00105

+0.00155

+0.00170
+0.00180

+0.00215

+0.00215

+0.00310

+0.00335

+0.00410
+0.00400

+0.00400

+0.00450
+0.00450

+0.00465

+0.00250

+0.00585

rt side

meas 1

rt. side

+0.00010

+0.00050
+0.00100

+0.00110

+0.00165
+0.00165

+0.00195

+0.00195

%0.00215
+0.00330

+0.00325

+0.00405

+0.00405

+0 00405
+0 00440

+0 00440

+0 00440

+0 00265

+0 00610
rt side

meas 2

delta

0.00010

0.00040
0.00005

0.00005
0.00010

0.00005
0.00015

0.00020

0.00000

0.00020

0.00010

0.00005

0.00005
0.00005

0.00010

0.00010
0.00015

0.00015

0.00025

delta

Iml-m21

Overall thickness at right side of silver bar = 0.236"
thickness at other locations varies as tabulated above.

+/-0.0005",

MICROMETER MEASUREMENTS:

width (left to right): 1.299" +/-0.001"

height (purple to silver): 1.299" +/-0.001"
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SystemIPrescription Data

File : C:\ZEMAX\SAMPLES\q99137 w filters as manu.ZMX
Title: f/4.86 Wlth Filters AS Ma_u - --

Date : WED DEC i 1999

Configuration 3 of 3

LENs OTES: y

GENERAL LENS DATA:

Surfaces : 22

Stop : 8

System Aperture : Entrance Pupil Diameter = 3.8

Glass Catalogs : schott I line MISC OLD SCHO

Ray aiming

X Pupil shift

Y Pupil shift

Z Pupil shift

Apodization

Eff. Focal Len. :

Eff. Focal Len. :

Back Focal Len. :

Total Track

Image Space F/# :

Para. Wrkng F/# :

Working F/#

Image Space N.A.:

Obj. Space N.A. :

Stop Radius

Parax. Ima. Hgt.:

Parax. Mag.

Entr. Pup. Dia. :

Entr. Pup. Pos. :

Exit Pupil Dia. :

Exit Pupil Pos. :

Field Type

Maximum Field

Primary Wave

Lens Units

Angular Mag.

: Paraxial Reference, cache on

: 0

: 0

: 0

:Uniform, factor - 0.00000E+000

18. 54396 (in air)

18.54396 (in image space)
0.2582848

330.55

° 4.879988

4. 879988

4. 886542

0. 1019257

1. 413611e-006

5.938541

26.22363

-1. 379681e-005

3.8

75.44582

5362.378

-26168.08

: Object height in Millimeters

: 1900702

: 0.4162

: Millimeters

: 0.0007086409

Fields : 5

Field Type: Object height in Millimeters
#
1

2

3

4

5

X-Value Y-Value

0.000000 0.000000

0.000000 480000.000000

0.000000 960000.000000

0.000000 1344000.000000

0.000000 1900702.080000

Vignetting Factors

# VDX VDY VCX

1 o.oooooo o.oooooo o.oooooo
2 0.000000 o.oooooo o.o000oo
3 0.000000 0.000000 0.000000

4 0.000000 0.000000 0.000000
5 0.000000 0.000000 0.000000

Weight

2.000000

1.000000

1.000000

1.000000

0.600000

VCY

0.000000

0.000000

0.000000

0.000000

0.000000

Wavelengths : 9
Units: Microns

# Value Weight
1 0.413400 1.000000

-_ _ _'-



2 "' 0.416200

0.426300

4 ,0.429600
5" 0.431000

6 0,432500

7 0.435100

8 0.437700

9 0.439300

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000
1.000000

1.000000

SURFACE DATA SUMMARY:

Surf Type
OBJ STANDARD

1 STANDARD

2 STANDARD

3 STANDARD

4 STANDARD

5 STANDARD

6 STANDARD

7 STANDARD

STO STANDARD

9 STANDARD
10 STANDARD

Ii STANDARD

12 STANDARD

13 STANDARD.

14 STANDARD

15 STANDARD

16 STANDARD

17 STANDARD
18 STANDARD

19 STANDARD

20 STANDARD

21 STANDARD

IMA STANDARD

Comment

AS MANU #I._
AS MANU #I
AS MANU #i
AS MANU #I

AS MANU #I

AS MANU #1

AS MANU #I

AS MANU #I

AS MANU #i
AS MANU #i
AS MANU #I =-

AS MANU #I

AS MANU #2

AS MANU #2

FILTER

FILTER
FILTER

.005" AIRSPACE

CCD WINDOW

SURFACE DATA DETAIL:

Surface OBJ

Surface 1

Surface 2
Comment

Coating
Surface 3
Comment

Coating
Surface 4
Comment

Coating
Surface 5

Comment

Coating
Surface 6
Comment

Coating
Surface 7
Comment

Coating
Surface STO

Surface 9
Comment

Coating
Surface 10
Comment

Coating
Surface II

Comment

: STANDARD

: STANDARD
: STANDARD

: AS MANU #I
: HEAR1

: STANDARD

: AS MANU #I
: HEAR1

: STANDARD

: AS MANU #i
: HEAR1

: STANDARD

: AS MANU #I
: HEAR1

: STANDARD

: AS MANU #I

: HEAR1
: STANDARD

: AS MANU #I
: HEAR1

: STANDARD

: STANDARD

: AS MANU #i
: HEAR1

: STANDARD

: AS MANU #i
: HEAR1

: STANDARD

z AS MANU #1

Radius

Infinity

Infinity
-256.205

37.005

242.47

-67.06

-120.82

31.22

Infinity
111.04

-59.51

-120.35

41,82

50.5
-64.83

45.09
-166.28

Infinity

Infinity

Infinity

Infinity

Infinity
Infinity

Thickness

1344000
17,0688

16.077
62.787

11.085

0.713

26.929

46. 63468

12

30.306

16.214

3.496

1.96

9.823

0.532
12. 69236

54.90516

1.6

3

1.6

0. 127

1

Glass

CAF2

I-BAL35Y

CKF2-

CAF2

I-PBL6Y

CAF2

CAF2

B270
_crb

B270

SILICA

Di

11



Coatidg : HEAR1
Surface 12 : STANDARD

Con_uent • AS MANU #1

Coating : HEAR1

Surface 13 • STANDARD

Conunent : AS MANU #i

Coating : HEAR1

Surface 14 : STANDARD

Comment : AS MANU #i

Coating : HEAR1

Surface 15 : STANDARD

Comment : AS MANU #2

Coating : HEAR1

Surface 16 : STANDARD

Comment : AS MANU #2

Coating : HEAR1

Surface 17 : STANDARD

Comment : FILTER

Coating : HEAR1

Surface 18 : STANDARD

Comment : FILTER

Surface 19 : STANDARD

Comment : FILTER

Surface 20 : STANDARD

Comment : .005" AIRSPACE

Surface 21 : STANDARD

Comment : CCD WINDOW

Surface IMA : STANDARD

MULTI-CONFIGURATION DATA:

Configuration

Wavelength 1 :

Wavelength 2 :

Wavelength 3 :

Wavelength 4 :

Wavelength 5 :

Wavelength 6 :

Wavelength 7 :

Wavelength 8 :

Wavelength 9 :
Glass 17 :

Glass 18 :

Glass 19 :

Thickness 17 :

Thickness 18 :

Thickness 19 :

1:

0.3107

0.312

0.3131

0.3174

0.3222

0.3292

0.3399

0.3399

0.3399

UBK7

UBK7

UBK7

1.1

4

1.1

Configuration

Wavelength 1 :

Wavelength 2 :

Wavelength 3 :

Wavelength 4 :

Wavelength 5 :

Wavelength 6 :

Wavelength 7 :

Wavelength 8 :

Wavelength 9 :

Glass 17 :

Glass 18 :

Glass 19 :

Thickness 17 :

Thickness 18 z

Thickness 19 :

2:

0.3879

0.3879

0.3879

0.3879

0.3933

0.3933

0.3933

0.3933

0.3933

BK1

SK11

B270

2

2.7

1.5

Configuration 3:

Wavelength 1 : 0.4134



Wavel_ngth 2 :
• Wavelength 3 :

Wavelength 4 :

WaCelength 5 :

Wavelength 6 z

Wavelength 7 :

Wavelength 8 :

Wavelength 9 :
Glass 17 :

Glass 18 :

Glass 19 :

Thickness 17 :

Thickness 18 :

Thickness 19 :

0.4162

0. 4263

0.4296

0.431

0. 4325

0.4351

0.4377

0.4393

B270

SK11

B270

1.6

3

1.6
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ACTON RF_EARCH CORPORATION
C&M8-507 Vacuum 8peotrophotometer

Filename: A__X2_01

300-450nm AR on CaF2

Pcak: 98.7 at 430.00 nm

Date: 11/23/99 10:59:12 AM

Coastal Optical Broadband AR

0-- i .......

........ - i
I

!
I

I

!

o I : I I I I ! I ,'
300 310 320 330 340 350 360 370 380 390 4(10 410 420 430 440 450

Walvelcngih (rim)

.ll





Form ApprovedREPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instru_ions, searching existing data sources, gathering
and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22.202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704--0t 88), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

February 15 th, 2000 End-of-phase: 8 Feb. 1999- 7 Feb.2000

5. FUNDING NUMBERS

NASA Contract NAS5-99141

4. TITLE AND SUBTITLE

Monthly report for the Compact Hyperspectral Mapper for Environmental
Remote Sensing Applications (CHyMERA) project.
6. AUTHORS

Dr. Scott J. Janz

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

University of Maryland Baltimore County
Joint Center for Earth Systems Technology
1000 Hilltop Circle
Baltimore, MD 21250

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
NASNGoddard Space Flight Center
AETD/STAAC

Greenbelt, MD 20771

11. SUPPLEMENTARY NOTES

8. PERFORMING ORGANIZATION
REPORT NUMBER

i0. SPONSORING/MONITORING AGENCY
REPORT NUMBER

12a. DISTRIBUTION/AVAILABILITYSTATEMENT 12b. DISTRIBUTION CODE

13.ABSTRACT (Maximum200 words)

CHyMERA is an Instrument Incubator concept to design, build, and test an instrument that will reduce size,
mass, and cost and increase science potential and flexibility for future atmospheric remote sensing missions
within the focus of NASA's Earth Science Enterprise (ESE). The primary effort of the development plan will be
on high spatial resolution ozone, NO2, SO2, aerosol, and cloud measurements, but it is hoped that the
techniques developed will prove useful for other measurements as well. The core design will involve a high
performance, wide field-of-view (FOV) front end telescope which will illuminate a filter/focal plane array (FFPA)

package. The use of a non-dispersive optical configuration will reduce size, mass and complexity. The wide
FOV optics will permit short duration global coverage (1-2 days) without the need for a scanner.

14.SUBJECTTERMS

Hyperspectral, Remote Sensing, Aerosol, air quality.

17. SECURITY CLASSIFICATION

OF REPORT

unclassified

18. SECURITY CLASSIFICATION

OF THIS PAGE

19. SECURITY CLASSIFICATION

OF ABSTRACT

NSN 7540-01-280-5500 ComputerGenerated

15. NUMBER OF PAGES

148

16. PRICE CODE

20. LIMITATION OF ABSTRACT

STANDARD FORM 298 (Rev 2-89)
PrescribedbyANSI Std 239-18
298-102




